Photosensitive is probably caused by multiple factors including gender, familiar, etc. We aim to study the clinical and EEG features of Chinese Han patients with photosensitivity. A total of 5482 consecutive patients with possible epilepsy from 3 center in China. Of the 73 patients with PPR to IPS, 48 were female. 69.9% patients were evoked by frequency ranged 8 Hz-25 Hz, with accompanying seizures in 13 patients. 6 of 9 patients with eyes closure sensitivity experienced epileptic seizures during IPS. We found some new features: 1) The patients with eyes closure sensitivity apt to experience electro-clinical seizures provoked by IPS; 2) Female epilepsy patients with PPR and ECS maybe difficult to be seizure free. Preventive measures for related seizures should be performed to the patients with generalized PPR, upper threshold evoking frequency, and eyes closure sensitivity when they received the IPS.
Introduction
Photosensitive epilepsy (PSE) is the most common form of reflex epilepsy in humans. Photosensitivity is manifested in the EEG in the form of localized or generalized (poly) spike-andwave discharges, the so-called photoparoxysmal response (PPR), and it can be assessed in laboratory conditions with intermittent photic stimulation (IPS). The prevalence of PPR to IPS in patients with certain epilepsy was reported ranging from 7.5% in juvenile absence epilepsy [1] to 100% in pure photosensitive epilepsy. And, several reports suggested that there may be differences associated with photosensitivity in different ethnicity [2, 3] . Current data of IPS mainly originates from European population. However, little is known in Chinese Han population.
A review of the literature on IPS as an activating procedure indicated that photosensitivity is mainly associated with idiopathic generalized epilepsies and syndromes [4] (e.g. Juvenile myoclonic epilepsy (JME), Eyelid myoclonic with absences (ELMA), Juvenile absence epilepsy (JAE), Childhood absence epilepsy (CAE), and epilepsy with generalized tonic-clonic seizures on awakening). The PPR rate was observed ranging from 30% to 54% in JME [1, 5, 6] , 92% in EMA [4] , 18% in CAE [7] , 7.5% in JAE [1] , 62.5% in epilepsy with generalized tonic-clonic seizures on awakening [4] . The most common types of seizures caused during IPS are generalized seizures (GS), such as generalized tonic-clonic seizures (GTCS), myoclonic seizures (MS) and absence seizures (AS). Little is studied about its efficacy in focal seizure. Furthermore, the photosensitivity appears to be age-related: the highest incidence rate is found among those between the age of 7 and 19 years [8] . It is obvious that positive response to IPS is an important indication to the diagnosis and classification of epilepsy. And, the role of EEG abnormalities during IPS which put the patients with epilepsy in the risk of seizure is not completely clear. This study attempted to investigate and review the clinical and EEG features of photosensitivity in Chinese Han patients.
According to the recommendations of International League against Epilepsy [9] , IPS should be performed as part of a standard EEG monitoring. As an activation procedure, potential adverse events should be assessed before IPS. The abundant literature showed the risk of eliciting a tonic-clonic seizure by visual stimulation, though it may ''very rarely cause a seizure in people that are sensitive" [10] . Patients should be informed of the risk of epileptic seizures, as well as the beneficial diagnostic information obtained from clinical and EEG data. To our best knowledge, the systematic investigation of IPS in Chinese Han population is lacking. Therefore, this prospective multicenter evaluation, organized by epilepsy monitoring unit in China, was conducted in three major territory hospitals. In this study, we studied the epidemiological and clinical characteristics of PPR among consecutive epileptic patients seen in EEG laboratories of three hospitals in Xi'an, China. The objectives of our study were: (1) to study and review the clinical and EEG features of photosensitivity in Chinese Han patients; (2) to identify the safety and efficiency about the IPS in Chinese Han population.
Methods and patients
A total of 5482 patients presented to epilepsy center of Xijing Hospital, First Affiliated Hospital of Medical College of Xi'an Jiaotong University and Xi'an Pediatric Hospital with suspected diagnosis of epileptic seizures from an unselected population of patients undertaken IPS during a standard scalp EEG. The study was approved by Xijing Hospital Research Ethics Committee, the Research Ethics Committee of the First Affiliated Hospital of Medical College of Xi'an Jiaotong University, the Ethics Committee of Xi'an Pediatric Hospital. All of the patients in this evaluation were given informed consent and singed an approval before EEG testing. For every patient, since all the following factors possibly increase the likelihood of occurrence of a stronger reaction to visual stimulation with the potential risk of eliciting a generalized tonic-clonic seizure, every patients were informed detailedly as IPS procedure. Under the topic 'What one needs to know before starting any IPS procedure' Kasteleijn-Nolst Trenité et al. The protocol states the following: 'For risk assessment one needs to know whether the patient-especially those between 10 and 20 years of age (age range of maximum sensitivity)-is drug naive (AEDs diminish risk of provocation of generalized tonic-clonic seizures); had a short night sleep (increased of risk of PPRs); had seizures provoked by TV, sunlight, or computers and were exposed to them the night before the exam; or has a history of visually induced seizures in family members.' Several other general factors also may activate the degree of photosensitivity in generalized epilepsies, such as sleep deprivation, alcohol abuse, drug withdrawal and time of day in which the test was performed. As is understood by these words, every effort should be made to reduce the risks inherent to the procedure.
Inclusion criteria were: (1) Chinese Han with suspected epilepsy; (2) consent to receive IPS after informed the IPS procedure risk assessment; (3) patients receiving the 24 h V-EEG monitoring; Exclusion criteria were: (1) refusal by patients' parents or legal caregivers to participate in the study; (2) inability to complete the study. The diagnosis was made by two epileptologists and a neurologist. Data was collected prospectively by the professionally trained recording Clinical Physiologist from 5482 unselected patients referred for a standard EEG between November 2013 and October 2014. The age ranged from 3 month to 79 years. Baseline data were collected from face-to-face interviews of all patients and at least one of their relatives; they included demographic data, age at seizure onset, age at epilepsy diagnosis, seizure types, seizure triggering factors, family history of epilepsy, febrile convulsions, and treatment options for antiepileptic drugs (AEDs). Follow-up was scheduled months for telephone and in the first, third and sixth month by face-to-face interviews. Additional follow-up, which was allowed according to the needs of the patients or their families, was carried out by face-to-face interviews or telephone calls. Charts were reviewed for documentation of response to AEDs treatment and side effects. Recording were made on 32-channel instruments (NicoletOne; Nihon Kohden and American Bio-logic, with matched photic stimulator), with electrodes placed according to the international 10-20 system, and utilizing referential, longitudinal bipolar and transverse bipolar montages. IPS was performed using a standard procedure in accordance with updated European algorithm for visual stimulation [11] . Perform IPS for the first time always during 10 to 12o' clock in the morning after a normal night sleep. To lower the anxiety for IPS, IPS performed at least 3 min after hyperventilation in some adults and adolescents. Use the following flash frequencies separately and in this order: 1-2-8-10-15-18-20-25-40-50-60 Hz. If there is a generalized response at a certain (lower threshold), skip the remainder of the series and start again with 60 Hz and go down in frequencies (60-50-40-25 Hz-. . .) until a generalized PPR occurs again (upper threshold). Only the epileptiform discharge appeared denovo with IPS in patients with epileptiform discharge in the baseline EEG can be defined photosensitivity. Stimulation was performed with eyes open, eyes closed and eyes closure with 5 s of stimulation at each flash frequency and a 5 s resting interval between different frequencies. Three technicians and a physician reviewed and analyzed the EEG data.
Results
For fear of IPS-evoked seizure, only one patient who had a certain history of visually induced seizures refused the testing. We identified 73 patients with PPR from 5482 patients with suspected diagnosis of epilepsy. Table 1 illustrates the clinical and EEG characteristics of patients with PPR during IPS observed in our study. The Abbreviations: PPR = Photoparoxysmal response, VPA = Sodium valproate, LTG = Lamotrigine, TPM = Topiramate, LEV = Levetiracetam, CBZ = Carbamazepine, OXC = Oxcarbazepine, PB = Phenobarbital.
In the 73 patients (25 males and 48 females) with PPR, the gender ratio was M:F = 1:1.9, and the media age was 15 years old, ranging from 2 to 49 years old. The age distribution of patients with PPR during IPS is summarized in Fig. 1 . This figure suggested that epilepsy with photosensitivity was associated with certain age. Children and adolescents with epilepsy had highest incidence of PPR to IPS. Family history was found in three patients.
73 patients (1.3%) among the 5482 patients experiencing IPS showed PPR to IPS during EEG monitoring, and 72 patients were identified as epileptic disorders according to the Classification of International League Against Epilepsy (2001). One 9-year-old female patient was diagnosed as migraine by consultation with neurologists and pediatricians. There were 64 patients identified as generalized epileptiform discharges and 9 patients as localized epileptiform discharges. Epileptic seizures were precipitated by IPS in 21/72 patients (29%), and were consisted of GS in 15 patients (71.4%) (MS in 9 patients, eyelid myoclonic in 2 patients, AS in 1 patient, GTCS in 3 patients), focal seizure in 5 patients (23.8%) and secondarily generalized tonic-clonic seizure (sGTCS) in 1 patient (4.8%), respectively. Focal seizures including one olfactory aura, two fear aura, one focal motor seizure, and one automatism respectively. Interestingly, 16 with PPR experienced epileptic seizures without IPS, and of them, 15 patients' epileptic seizures were recorded during the awake condition and one patient' was recorded during sleep. There were only 3 patients experiencing epileptic seizures with and without IPS. Seizure types were shown in Table 2 . All seizures were self-terminating and recovered rapidly. Surprisingly, there were four patients' epileptic discharges were catched except for IPS (One case was GTCS, one case was focal seizure provoked by IPS in eyes closure condition at 2 Hz, the other two were unclassified).
In this study, we observed the frequency range of flash in different seizure types in three eye conditions ( Table 3 ). The PPR occurred in eye closure, eye closed and eye open condition respectively in 73 patients, 67 patients and 63 patients. There were five patients whose PPR was only seen in eyes closure condition (including a patient diagnosed as migrine), which suggested that eye condition of closure was the most related with the provocation of PPR. The PPR occurred in 51 patients (69.9%) with the range (8-25 Hz) of flash stimulation frequency, which indicated that the most effective stimulation frequency of PPR was from 8 to 25 Hz. Of them, 13 patients (25.5%) had electro-clinical seizures elicited by IPS. The PPR was seen at the upper flash frequencies (threshold 40 Hz) with any eye condition in 14 patients, and 8/14 patients (57.1%) experienced electro-clinical seizures during IPS.
9 patients with PPR showed ECS and all of them were female, whose median age was 25. The history of the epilepsy ranged from 1 month to 22 years (average was 10 years). Five of 9 patients (55.6%) experienced epileptic seizures provoked by IPS.
Of the 5482 patients, no symptomatic cardiovascular, respiratory or cerebrovascular adverse events, psychogenic nonepileptic seizures and non-epileptic attacks were observed during and after IPS. Eye discomfort and tearing were reported in 3 patients, but the symptoms were self-limiting and relieved on cessation of photic stimulation. Slight headache in two patients and dizziness in one patient were reported, but there were no accompanying abnormal EEG charges. Some patients were excluded because they either were too young or could not co-operate during IPS.
Discussion
To our knowledge, this is the first multicenter study about the photosensitivity and related epilepsy during a standard EEG in an unselected Chinese Han population, predominantly suspected epileptic seizures.
Current studies suggested that photosensitivity was typically age-associated and gender-associated to some extent [1, 12] . In our study, the gender ratio was M: F 1:1.9, consistent with previous report where it was M: F 1:2 [13] . In addition, children and adolescents are the largest population with photosensitivity. In our data, 52 of 73 patients (71.2%) with PPR were found between the age of 8 to 25 years. But in black Africans, the female: M ratio was 1.5:1, and the average age was 17.5 years of reported 10 patients. Family history was found in three patients. Two patients were diagnosed with JME, while one with ELMA. Of these relatives with epilepsy, two were first degree relatives, and one was second degree. A report showed that twenty patients with JME had 21 relatives with epilepsy [15] . Furthermore, there is evidence for a genetic cause in photosensitivity, including familial occurrence and the increased risk in siblings. Siblings of children with generalized PPR have a 19.3% risk of photosensitivity; versus a risk of 3.4% for control group [16] . It is confirmed that there is a linkage for PPR on chromosomes 7q32 at D7S1804 and 16q13 PPR at D16S3395 [17] . Therefore, photosensitivity may be related with race and gene. It was necessary to explore the feature of PPR in different race.
This evaluation attempted to investigate the photosensitivity in Chinese Han population. Photosensitivity, previously considered to be type4 PPR [18, 19] , was defined to be localized or generalized epileptic discharges in this study. PPR was found in 73 of 5482 patients (1.3%), including 64 individuals with generalized epileptic discharges. The incidence of photosensitivity was lower than a reported clinical study in which photosensitivity occurred in 16 of 732 patients (2.2%) [19] . Several factors, such as unselected population, high rate of adults, medication and race, could contribute to the low incidence. However, analyzing the data from our pediatric patients sub-group, the PPR occurrence rate was 8 of 101 patients (7.9%) which was approximately consistent with the report where PPR occurrence rate was 8.0% (21/263 ) in European population [13] . It was interesting that 4 patients (5.5%) had PPR to IPS while their EEG showed normal during the routine resting and sleep recording, which implied that IPS made a unique diagnostic contribution in some patients with epilepsy. Present studies, including EEG and neuroimaging, indicated that the mechanism of PPR mainly originates from an abnormal activation of the striato-thalamocortical network in response to IPS [20, 21] . It was commonly deemed that positive reaction to IPS was related with epilepsy. However, PPR was also found in migraine and healthy population [21, 22] . In this study, one patient with PPR was diagnosed with migraine. Compared with the feature of PPR in epilepsy patients, the PPR of migraine showed that generalized spike complex occurring exclusively in 25 Hz with only eye closure condition. The mechanisms of PPR and its link to epilepsy remain to be further clarified.
Of the 73 patients with PPR, 21 patients (28.8%) had electroclinical seizures evoked by IPS. Seizures were recognized by reviewing video-EEG data and attendant clinical observations including physical examination and simple cognitive testing. The incidence of epileptic seizures during PPR was similar to the report that 5 of 16 patients (31.2%) with photosensitivity had electroclinical seizures [19] . It was noted that there were 15(71%) patients among the 21 patients experiencing epileptic seizures during IPS showed generalized PPR. Previous report suggested that generalized PPR had a 90% correlation with clinical seizures [23] . This indicated that generalized PPR was very correlative with the risk of epileptic seizure. Table 2 showed that GS (71.4%) and SPS (19.0%) were more common seizure types evoked by IPS. Of the 6 patients with focal PPR, 4 were diagnosed as occipital lobe epilepsy and 2 were temporal lobe epilepsy. One patient with occipital lobe epilepsy showed focal PPR with the range of 1-60 Hz in three eye conditions. The other 5 patients showed focal PPR with the range of 8-25 Hz in three eye conditions.
Convulsive status epileptics (CSE) and non-convulsive status epileptics (NCSE) did not occur during IPS in our study. Special caution is still necessary to ensure that IPS is immediately terminated when a generalized epileptic discharges, focal epileptic discharges occurred in occipital or temporal area during IPS, which maybe helpful to reduce the risk of a convulsive seizure occurring, even CSE. In fact, our study showed that the interval between epileptic seizures (generalized or focal epileptic seizure) and epileptic discharges induced by IPS was so short that there was no time for physicians to stop the IPS. It is necessary for physicians to stand near the patient and prepare for the following epileptic seizures while the patient (especially for generalized epilepsy and occipital or temporal epilepsy) was received IPS.
The methodology and standard of photic stimulation is important to identify and quantify the photosensitivity, as well as the diagnosis and classification of the epileptic seizure and epilepsy symptom. To our knowledge, there were different frequency range of IPS in different EEG monitoring center and IPS was not often performed in three different eye conditions. The range of 1-30 Hz stimulation of IPS was adopted and eyes closure condition was not performed during IPS in some EEG laboratories, which was also the one of the reason that the prevalence of photic stimulation in Chinese Han patients with epilepsy is not reported to date. Instead of the old method published in 1999 [18, 24] , using the updated European algorithm of IPS with three different eye conditions and wider frequency range, our study indicated that more epilepsy with PPR was catched during IPS, which provided more useful data for clinical practice. Similar to previous study [25] , the most valid evoking frequency in our data was the range of 8 to 25 Hz, which was found in 51 of 73 patients (69.9%), and 13 of the 51 patients (25.5%) had electro-clinical seizures elicited by frequency of 8 to 25 Hz. However, 8 of 14 patients (57.1%) with evoking upperthreshold frequency 40 Hz had epileptic seizures. These results suggested that upper evoking frequencies were related with the higher epileptic seizures incidences (P < 0.005). More cautions were given to the patients when they received higher frequency (40 Hz) of IPS.
It was debatable about the effects of eye conditions on eliciting PPR. Lietjen had reported that the state of eyes closure induced more PPRs by IPS, while other authors suggested that the state of eyes open was more provocative [26, 27] . In our study, all the 73 patients with PPR were elicited during eyes closure condition, 67 of 73 patients in eye closed condition and 63 of 73 patients during eyes open (Table 4 ). Our study showed that eyes closure was more effective eyes condition to provoke PPR than eyes closed and eyes open. It was necessary to catch the PPR during VEEG monitoring to test the 1-60 Hz whole frequency photic stimulation with different three eye conditions. ECS is a phenomenon in which eye closure induces temporary (usually generalized) epileptiform discharges on the EEG, usually lasting 1-4 s. It has been reported that ECS may be common to several epilepsy syndromes, such as ELMA, JME, CAE, JAE, and idiopathic occipital lobe epilepsy [36] . It was noteworthy that 9 of 73 patients manifested ECS. All of them were female with the average 10-years epileptic history. The media age was 25 years old. Among them, six patients (66.7%) experienced epileptic seizures during IPS (Table 4 ). There was difference in the incidence of electro-clinical seizures elicited by IPS between patients with ECS and patients without ECS (P < 0.005). It suggested that ECS was related with the higher epileptic seizures incidence during IPS. Of the six patients with ECS, all seizure types were GS, included MS in three patients, eyelid myoclonia in one patient, GTCS in one patient, absence in one patient. The study from Chinese children suggested that epileptiform discharges could be provoked by eyes closure in 10 patients, including five male and five female, associated with photosensitivity in 8 patients [28] . It indicated that photosensitivity and ECS might have similar mechanisms. Photosensitivity remitted spontaneously during the third decade of life in 25% of patients [14] . Our study showed that there were over 10% patients whose PPR occurred above 25 years old. During three-year follow-up, we also found that the female patients with PPR and ECS were not seizure free during receiving AEDs, which indicated that photosensitivity of patients with ECS became more difficult to remit spontaneously in female patients as their age increased.
Twenty-seven of 72 patients with PPR were on antiepileptic medications when they receiving IPS during VEEG monitoring, including 19 with mono-therapy and 8 with poly-therapy. It was interesting that 15 of 27 patients with anti-epileptic medications had clinical seizures during EEG (resting, sleep and IPS), higher than those without medications observed in 6 of 45 patients. The mechanisms are not clear to date. One possible explanation was that the seizure types of these patients with medication had adverse effects and/or poorer prognosis than those without medication. Another reason might be relate with drugs. Drugs (CBZ/ OXC) were found in six patients. It was obvious that some drugs could exaggerate the clinical seizures. For example, CBZ/OXC might aggravate the symptom of absence and myoclonia. According to current clinical practice, the first choice of drugs to generalized seizure is VPA monotherapy, which has successful rates ranging from 73% to 86% [29] . LEV is an alternative choice for patients with idiopathic generalized epilepsy (IGE) and photosensitivity [30] . Avoidance of visual stimulation in modern life is becoming more and more difficult. Using colored glasses may be also an alternative method [31] , depending on further IPS procedure on a higher level [11] . Therefore, combination treatment with medications is necessary for the epilepsy patients with PPR. Whether medications had an effect on photosensitivity is doubtful. Limited clinical data indicated that some drugs, including VPA, LEV and TPM, could abolish or suppress the spike and wave discharges [29] . IPS may be an important way of checking the effectiveness of medication and the risk of further seizure in photosensitive individuals. Different from hyperventilation (HV), which may induce myocardial infarction, respiratory disease and stroke in some patients with pre-existing medical conditions [32, 33] . There were no symptomatic cardiovascular, respiratory or cerebrovascular adverse events reported in this study. At present, the reports on the risk and avoidance during IPS in the published clinical guideline are limited [9, 34] . Indeed, the potential risk of cardiac arrhythmias or apnea was related with rather electro-clinical seizures than photic stimulation itself. Sudden unexplained death in epilepsy was reported in 6 deaths per 1000 person-years in a cohort with refractory epilepsy [35] . Predictable side effects of IPS, such as eye discomfort, headache and dizziness, were minor and self-limited. Another problem was that some patients, especially toddlers and infants, can't be cooperative during the examination. The previous concept that IPS was used routinely in children older than 5 years was changed, even younger children and infants who may be cooperative in certain eye condition, such as eyes closed or open [11] . In our patients, the youngest infant who received IPS with eyes closed and open was three month old, and proved to be safe.
In conclusion, we observed the general clinical phenomenon and EEG characteristics during IPS in an unselected population of Chinese Han patients. The information included:
The incidence of PPR elicited by IPS in an unselected Chinese Han population was lower, but the sub-group analysis in children suggested that the rate was comparable with that reported for European population. Photosensitivity in Chinese Han population was also age-related and different between male and female. The rate of electronic-clinical seizure during IPS was consistent with literature reports. The most valid evoking frequency in our study ranged from 8 to 25 Hz. Our findings indicated that the patients with ECS apt to experience electro-clinical seizures provoked by IPS. Because of few studies, small samples and short following-up, more high quality trials with large samples and longer following-up are necessary. It was difficult for female patients with PPR and ECS to be seizure free even during they received poly-therapy. Update European standard of IPS is applied to Chinese Han population, including young infants.
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